The large family of steroid/thyroid hormone receptor (STR) genes has been extensively studied in vertebrates and insects but little information is available on it in more primitive organisms. All members possess a DNA binding domain of zinc fingers of the C2, C2 type. We have used the polymerase chain reaction with degenerate oligonucleotide primers covering this region to clone three distinct members of this family from the nematode Caenorhabditis elegans. All three belong to the retinoic acid receptor (RAR), thyroid hormone receptor subfamily of genes. The cDNA of one of these clones shows such a high homology to DHR3, an early ecdysone response gene found in Drosophila, and MHR3, identified in Manduca sexta, that we have termed it CHR3. Furthermore, the C-terminal portion of the deduced protein sequence shows a box containing eight identical amino acids among CHR3, DHR3, and MHR3 suggesting an identical specific ligand for these proteins. CNR8 shows homology to NAK1, and CNR14 has homology to both the RAR-yl gene and to another ecdysone response gene, E78A. Neither of the latter two cDNAs is a clear homologue of any known gene and each is distinctive. All of these genes are expressed varyingly in both larval and adult stages of nematode development as shown by Northern blot analyses. These data demonstrate that the STR family of genes is represented in a nematode whose ancestor appeared well before the branching that gave rise to the Arthropoda and Chordata.
More than 200 different cDNAs of the steroid/thyroid hormone receptor (STR) gene family have been cloned and sequenced from a variety of organisms. Many of these sequences are clear homologues-i.e., the thyroid hormone receptor (TR) genes from rat, chicken, mouse, human, and frog code for a highly similar protein that binds thyroid hormone. However, the term homologue can be ambiguous; in addition to the above, it can also mean evolutionarily related, as are all of these STR genes whether they bind steroids, retinoids, or thyroid hormone or have no known ligands. Our interest has been to discern the evolutionary history of this gene family. The family has been variously divided into 3-10 different groups (1) (2) (3) . Sequences are available mostly from vertebrates and arthropods, although one sequence is known from an echinoderm (4) . All of these genes can be divided into five or six domains denoted A-F (2, 3) (see Fig. 4 A). The A/B domain is most N terminal and is poorly conserved. The C domain is the zinc finger DNA binding domain and is so highly conserved as to identify the superfamily (5) . The sequence of the distal part of the first zinc finger, termed the P box, distinguishes the three main subfamilies of the STR (2) . The D, E, and F domains contain the activating domain, a dimerization domain, and the ligand binding domain (2, 3, 6, 7) . We have searched for related genes in several invertebrate phyla and report here the identification and cDNA sequences of three genes from Caenorhabditis elegans. t The sequences of the P box of the cDNAs we have isolated places all of them in the TR/retinoic acid receptor (RAR) subfamily. All of these genes are expressed, and we also (DuPont/NEN) using a PosiBlot system (Stratagene) or by capillary transfer. Membranes were hybridized to 32P-labeled probes and examined with a bioimaging analyzer Bas-2000 (Fuji) and by autoradiography. Sequences were analyzed with the sequence analysis software package of the Genetics Computer Group. For reverse transcription, 5 ,tg of total RNA prepared from the different stages was treated for 15 The enzyme was then inactivated by heating to 90°C for S min. For synthesis of the second strand, 5 ,ul of this reaction mixture was subjected to PCR with primers designed for the region in the 3' end of cDNAs with conditions as described above. The continuous clone of CNR8 was obtained from L3 cDNA by PCR with conditions as described above.
RESULTS AND DISCUSSION
We have used PCR with oligonucleotide primers patterned after the DNA binding domains, which are the most conserved region of the STR family ( Fig. 1) position as frequently found in C. elegans (9). The 10-base sequence in the 5' untranslated region of CNR14 is identical to the last 10 bases of the trans-splicing region described as SL1 by Krause and Hirsh (10) . Alignment of amino acid sequences deduced from cDNAs indicates that all three cDNAs belong to the STR family with a fully conserved characteristic molecular signature of DNA binding domain consisting of nine cysteine residues and one methionine residue arranged in the form C-X2-C-Xl3-C-X2-C-X15-C-X5-C-X9-C-X2-C-X4-C-X4-M (Fig.   2 ). All three cDNAs belong to the TR/RAR subfamily as evidenced by the characteristic amino acid sequence (EGCKG) in the P box located in the distal part of the first zinc finger (Fig.  3) amino acids. An analysis using BLAST, however, shows greatest homology with the Drosophila ecdysone-inducible gene E78A (15) . It is of interest that two of the three cDNAs we have isolated are closely related to ecdysone-inducible genes seen in arthropoda. Although small amounts of ecdysone and 20-hydroxyecdysone have been identified in C. elegans by some, a recent report failed to demonstrate synthesis of these compounds from labeled cholesterol (16, 17) . Some of these relationships are shown in Fig. 4 The A/B domain of these three cDNAs consisting of those nucleotides 5' to the DNA binding domain, and that in general is not well conserved in the STR family, shows no obvious homology to any of the genes in the GenBank data base. The DNA binding domain (C) is homologous to all the genes of the STR family. Comparison of the D-E-F domain to all the sequences in GenBank showed that with CHR3, 35 genes possessed >20% amino acid identity over at least 100 amino acids. All of these genes belong to the STR family and the most similar gene is DHR3. A similar analysis of CNR8 disclosed 4 genes (NAK1, NGFI, Nur77, Nurrl), which were also all members of the STR family (13, (18) (19) (20) . With CNR14, 5 of 7 genes displaying homology of >20% were from the STR family; one other was the human multidrug-resistance-associated protein (21) and the seventh was a heavy metal tolerance protein precursor from yeast (22) . Hence, even in the liganddimerization-activation domain where one might expect relatively little in common, the sequences of those cDNAs we have cloned demonstrate clear similarities only to other members of this family.
The very C-terminal amino acids, which in most cases of known receptors are critical for ligand binding, show an 8-amino acid identity of CHR3 with both MHR3 and DHR3 in a sequence that we call the HR3 box (Fig. 5) . This same region in human RZR-a, a human cDNA isolated from umbilical vein endothelium, and RZR-,B from rat brain show a 7-amino acid identity in this region (23, 24) . None of the other studied receptors contains more than 3 identical amino acids in this box. This suggests that these four genes are true homologues and that they probably all have very similar or identical ligands or possess an as yet unknown specific function.
The polyadenylylation signal appears to be represented by AATATA, AATTATA, and AATAAT in clones CHR3, CNR8, and CNR14, respectively, which occur transcript was somewhat more highly expressed in the L3 stage and the 3.2-kb transcript showed much greater expression in adult worms (Fig. 6A) . CNR8 shows greatest expression in larval stage L3 (Fig. 6B) . Weak bands were also detectable in stage L4 and in adults in autoradiograms exposed for long periods of time (1 week). Only a single band of 3.1 kb was seen on Northern blots except in the L4 stage where a weak 2.1-kb band is visible. CNR14 shows greatest expression in embryos followed by somewhat less expression in the adult and weakest expression in other stages (Fig. 6C ). CNR14 has a transcript of -2.3 kb. A rat probe for ,3-actin was used to control for RNA loading on the gels (data not shown).
These genes seem likely to be involved in regulation of development since we see these stage-specific differences in expression and since two of the genes (CHR3 and CNR14) are closely related to genes known to be critical for development in insects. The cDNAs that we cloned are of interest from an evolutionary standpoint since we know of no published data on this family of genes in invertebrates other than arthropoda and a single report of a COUP-like gene in an echinoderm (4 of the STR family are present. We find a multiplicity of STR genes in C. elegans, a member of the phylum Nematoda that existed before the divergence that led to the Chordata and the Arthropoda (26) .
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